1. Introduction {#s0005}
===============

Hydatidosis is a zoonotic disease caused by the larval stage of Canid small tapeworm (*Echinococcus granulosus*), affecting humans as well as domesticated and wild animals as intermediate hosts ([@b0005], [@b0015], [@b0170]). This infection has immense economic effects on the livestock industry and on human public health ([@b0105]). For a long time, the chemotherapy drugs had been the necessary treatment to inhibit the hydatid cysts. Additionally, surgical techniques were also employed to remove larger hydatid cysts while the drugs were not enough to inhibit them ([@b0170]). Before and after surgery, a systematic treatment with drugs is performed to destroy the protoscolices. Also, during surgery, installing scolicidal agents were useful in preventing the risk of spillage of parasites into adjacent organs ([@b0175]). Despite the widespread use of chemotherapy drugs, unacceptable side effects and progressive resistance to many scolicidal agents triggered the researchers to study the effectiveness of biological products in the treatment of such diseases ([@b0130]). Scorpion venom has evolved for subduing prey and for defense ([@b0065], [@b0155]). Venom is a blend of several valuable components, including scorpion amino acid and enzymes that can serve as antidotes to less harmful diseases (([@b0110]). Many studies have revealed that scorpion and snake venom can have considerable effects on humans infected with protozoan parasites such as *Plasmodium*, *Leishmania, Trypanosoma* and *Toxoplasma gondii* ([@b0010], [@b0045], [@b0070], [@b0100], [@b0125], [@b0145]). Scorpion venom contains multiple peptides, which have attracted the attention of many scientists concerned with their therapeutic development ([@b0145]). [@b0110] first reported the scolicidal effects of the crude venom and its fractions of scorpion species *Mesobuthus eupeus*, against the protoscolices of *E*. *granulosus*. This study revealed that the venom peptides of *M. epeus* can detroy the protoscolices of hydatid cysts prompt and appropriate manner and could be used as a scolicidal agent in the management of hydatidosis. The Arabian Fat Tailed Scorpion *A. crassicauda* (Olivier, 1807) is considered as one of the medically important species belonging to the family Buthidae, and distributed across the Sinai Peninsula, the Arabian Peninsula countries and the Middle East ([@b0120]). Also, antimicrobial peptides (AcrAPs) isolated from *A*. *crassicauda* venom showed inhibitory activity against both bacterial and fungal strains ([@bib192], [@b0075]). Despite the biochemical and molecular characterization of the venom components of *A. crassicauda* being documented by several authors ([@b0040], [@b0060]), their peptide nature has not been studied in detail utilizing biomedical and biological approaches. For this reason, this study was aimed to investigate the scolicidal effect of crude *A. crassicauda* scorpion venom against *E. granulosus* protoscolices.

2. Materials and methods {#s0010}
========================

2.1. Scorpion collection, maintenance, and venom collection {#s0015}
-----------------------------------------------------------

One hundred individuals of *A. crassicauda* scorpions were collected from the following regions of Saudi Arabia; Khashm Ath-Thumami, (at 27.693196N, 44.987823E); Al-Kharj (at 24.132640N, 47.395228E) and Al Nuayriyah (at 27.649838N, 48.716355E), during the period between July and September 2019. The collected scorpions were kept and maintained individually in (40 cm × 40 cm) in plastic containers at 25 °C, with 10 cm deep sandy-soil substrate at Parasitology Lab, College of Science, Majmaah University. Water was provided weekly by misting the substrate. Scorpions were provided every week by water and fed insect, especially crickets and cockroaches. Remains of dead prey were regularly removed from the containers as soon as possible, these remains mold rapidly, and scorpions have been reported to become passively entrapped in the fungal hyphae and die. Venom was collected by electrical stimulation (20 V) in the articulation of the telson as described by Sarhan et al. ([@bib192], [@bib191]). The venom drops were purified and gathered in an Eppendorf tube and centrifuged at 14,000 rpm at 4 °C for 15 min. The supernatant was pooled, freeze-dried and stored at --20 °C. The lyophilized samples were dissolved in distilled water and centrifuged at 15,000 rpm for 15 min at 4 °C.

2.2. Protoscolitic selection and feasibility analysis {#s0020}
-----------------------------------------------------

Hydatide cysts of *E. granulosus* were collected from liver and lung of camel slaughtered in Cairo governmental slaughterhouse. The collected samples were immediately transferred to the Parasitology Laboratory, Faculty of Science, University of Al-Azhar, Cairo, Egypt. The hydatid fluid was aspirated by sterile syringe and allowed to rest for 45 min, after which the protoscolices were precipitated in a sterile falcon tube. The collected protoscolices were washed three times with normal saline and the viability of metacestodes was assessed with 0.1% eosin stain and observing their motility characteristics and muscular movements by light microscopy. Dead protoscolices absorb eosin and color red while viable protoscolices remain colorless. The protoscolices, with more than 90% viability, were selected for the following experiments ([@b0160]).

2.3. Effect of crude venom on protoscolices {#s0025}
-------------------------------------------

The parasite was transported to a sterile medium and handled as defined by ([@b0090]) with minor modifications. Concisely, protoscolices were grown in RPMI-1640 medium, to which was added 100 IU penicillin and 100 µg/mL streptomycin. 2.5 ml of media was placed in a test tube. Approximately 5 × 10^3^ protoscolices was then added to the tube and mixed gently. Then various concentrations (20, 50, and 100 µg/mL RPMI-1640) of scorpion venom were added, and the tube was then incubated at 37 C for 30, 60, 120, and 240 min.

At the end of each incubation period, the upper portion of the solution was discarded, taking care to avoid disturbing the settled protoscolices. One milliliter of 0.1% eosin stain was then added to the remaining settled protoscolices and mixed gently. After 5 min, the upper portion of the solution was again discarded. The remaining settled protoscolices were smeared on a glass slide, covered with a cover glass, and examined microscopically for viability. The percentages of stained (dead) protoscolices and un-stained (live) protoscolices at each concentration were estimated. To ensure the accuracy of the test and quality control, control groups containing RPMI-1640 or albendazole as negative and positive controls, respectively, were considered. Each experiment was repeated three times.

2.4. Statistical analysis {#s0030}
-------------------------

Differences among groups (study and control) were evaluated using an analytical package (Sigma Plot version 11.0).

3. Results {#s0035}
==========

3.1. Viability of protoscolices {#s0040}
-------------------------------

The fertility of hydatid cysts was determined by the presence of free protoscolices in the cystic fluid by wet mount drop ([Fig. 1](#f0005){ref-type="fig"}A). The viability of protoscolices was tested prior to the experiments using 0.1% aqueous eosin stain. Light microscope examination revealed live protoscolices remained colorless and also showed characteristic muscular movements and flame cell activity ([Fig. 1](#f0005){ref-type="fig"}B). When partial death occurred, dead protoscolices absorbed eosin and colored red, but live protoscolices remained colorless after exposure to albendazole or various concentrations of crude scorpion venom and staining with 0.1% eosin ([Fig. 1](#f0005){ref-type="fig"}D). All protoscolices colored red when total death occurred in both control positive groups with 100 µg/mL of crude scorpion venom and staining with 0.1% eosin ([Fig. 1](#f0005){ref-type="fig"}E).Fig. 1Protoscolices of *E. granulosus* collected from naturally infected livers and lungs of camel. Scale bar = 100 µm. (A) Live protoscolices without staining. (B) Live invaginated colorless protoscolices after staining with 0.1% eosin. (C) Live evaginated (e) and invaginated (i) colorless protoscolices 5 min after staining with 0.1% eosin. (D) Dead evaginated colored protoscolices (de), and dead and invaginated colored protoscolices (i) and a few live colorless evaginated protoscolices after introduction to albendazole and various concentrations of crude scorpion venom and staining with 0.1% eosin. (E) Total death of invaginated protoscolices (colored) after exposure to albendazole and 100 µg/mL crude scorpion venom and staining with 0.1% eosin. Free hooks (h), and calcareous corpuscles (c).

3.2. In vitro treatment of protoscolices {#s0045}
----------------------------------------

The findings of this experiment showed highly significant (*P* \< 0.001) scolicidal effects against protoscolices of *E. granulosus* for all of the various concentrations of crude venom, compared to the negative control group, both within the same time and for different periods, as shown in [Table 1](#t0005){ref-type="table"} and [Fig. 2](#f0010){ref-type="fig"}. The maximum death rates in the negative and positive control groups were 21.3% and 100%, respectively. The scolicidal activity of crude venom at a concentration of 20 µg/mL was 25.1, 31.2, 36.5, and 57.1% after application for 30, 60, 120, and 240 min, respectively, while at a concentration of 50 µg/mL it was 28.6, 39.5, 65.4, and 80.6% after application for 30, 60, 120, and 240 min, respectively. However, a concentration of 100 µg/mL killed 34.9, 71.4, 95.8, and 100% of protoscolices after 30, 60, 120, and 240 min, respectively.Table 1Scolicidal effect of *Androctonus crassicauda* scorpions.ConcentrationExposureMortality rates after exposure (%)30 min60 min120 min240 min20 ug/mL125.931.535.155.8225.432.338.058.732429.836.556.8Average25.131.236.557.150 ug/mL131.439.763.781.7227.541.767.080.3326.937.065.579.7Average28.639.465.480.6100 ug/mL137.572.094.8100234.172.296.0100333.270.196.6100Average34.971.495.8100Negative control (CN)16.99.514.120.526.110.715.321.936.38.814.621.4Average6.49.714.721.3Positive control (CP)175.0100100100273.8100100100376.2100100100Average75.0100100100Fig. 2Effect of different concentrations of crude venom (20, 50, and 100 µg/mL) on the viability rate of protoscolices 30, 60, 120, and 240 min after exposure. CN: negative control (RPMI1640), CP: positive control (albendazole).

3.3. Morphological changes of protoscolices {#s0050}
-------------------------------------------

In the sterile medium (RPMI-1640), direct microscopic examination of viable protoscolices showed distinct movements and retained the membrane integrity and order of hooks. Most of these protoscolices were altered to an evaginated form (scolices) in time, and suckers were clearly visible ([Fig. 1](#f0005){ref-type="fig"}C). The microscopic examination of the dead protoscolices showed a distortion of their morphology and degenerative effects. These effects were characterized by loss of motility, loss of hooks, or the presence of free hooks and calcareous corpuscles ([Fig. 1](#f0005){ref-type="fig"} D&E) after exposure to albendazole and different concentrations of crude scorpion venom and staining with 0.1% eosin.

4. Discussion {#s0055}
=============

In the recent decades, several studies have been conducted on the therapeutic of the natural organic products ([@b0030]). Such experiments demonstrated a wide range of antibiotic action of natural venom against several pathogens such as bacteria, fungi, viruses, and parasites ([@bib192], [@b0035], [@b0050], [@b0085], [@b0135], [@b0140], [@b0150], [@b0165], [@b0185], [@b0025], [@b0115]). Scorpion venom is a rich source of active compounds, including many polypeptides ([@b0145]). [@b0060] characterized the components of the venom of *A. crassicauda*, for the first time based on biochemical and molecular analysis. Potential anti-tumor properties are shown by three main crassicaudal soluble venom peptides ([@b0055]). Also, the antimicrobial peptides of the whole venom of *A*. *crassicauda* were identified by [@b0020]. On the other hand, two linear cationic antimalarial peptides from the venom of the Iranian Buthid scorpion *M. eupeus* have been defined by [@b0100]. Also, it was found that the venom of the New World scorpion, *Tityus discrepans*, significantly reduced the growth of promastigotes of *Leishmania mexicana* ([@b0045]). In addition, [@b0095] identified two peptides from the scorpion venom of *Hoffmannihadrurus gertschi* that have scolicidal activities against *Taeniid cestod* and protozoan pathogens. [@b0080], [@b0180], respectively, discussed the cytotoxicity of scorpion venom on *Schistosoma mansoni cercariae and Ancylostoma caninum.*. In the present study, we screened the in vitro scolicidal activity of crude venoms derived from the most common scorpion species in Saudi Arabia, *A. crassicauda,* against the protoscolices of *E*. *granulosus*. It was observed that the crude venoms of *A. crassicauda* showed a substantial impact on the mortality rate of protoscolices at all the concentrations tested compared to the negative controls, as shown in [Fig. 2](#f0010){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}. This also study revealed that *A. crassicauda* venom was significantly induced mortality in the protoscolices of hydatid cysts at low concentrations ([Fig. 1](#f0005){ref-type="fig"}). The findings of this study showed better activity compared to those of the whole venom of *M. epeus* ([@b0110]), which showed scolicidal advantages but did not significantly affect the rate of mortality of protoscolices. However, high concentrations of *A. crassicauda* destroyed all protoscolices within 240 min, while *M. epeus* Fraction 8 induced the same effect in 30 min. The recent study showed the morphological distortion and degenerative consequences of the morphological alteration of the dead protocolices. The measurements were consistent with loss of motility, loss of hooks, or the existence of free hooks and calcareous bodies ([@b0190]). It can be concluded that the scolicidal potential of *A. crassicauda* venom could be considered as an alternative strategy in hydatid cyst treatment, especially when surgery is recommended for the patient. However, the effectiveness of scorpion venom in vivo remains to be determined, and further studies are required for the identification and isolation of active compounds. In vivo trials involve with the estimation of effective doses of the *A. crassicauda* venom, their safety profile, pharmacodynamics, pharmacokinetics, and the route of their administration should be carried out.
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